of basic training will exact a higher price with the passage of time and with the inevitable retirement of the older generation of Medical Legal practitioners.
Certainly the fortunes of Forensic Medicine as a discipline have fluctuated since King George's initiative. Prior to the Second World War few would have thought of Forensic Medicine as an academic discipline, but the post-war years saw a change. Legal medicine became organized within the advent oflearned societies -the Forensic Science Society and the British Academy of Forensic Sciences. The underlying reason was the realization that advances in adjacent disciplines, such as the application of science to medicine, required collaboration between disciplines and the inter-disciplinary meetings became more the focus for interested parties. A medical graduate today has the choice of many disciplines for a future and hopefully a fulfilling career. If the erosion of the University Academic Departments of Forensic Medicine continues then inevitably there will be no attraction and certainly no status in pursuing a career in Forensic Medicine. Postgraduate training is protracted and arduous with there being at least ten years after graduation before consultant responsibility is beckoning so any shortfall in recruitment will not be immediately obvious, but rather an essential factor leading to a slow erosion of the discipline.
A slow decline, or an acceptance of what appears to be the status quo, is easy to overlook, as it is usually a dramatic change which precipitates remedial action. When the first talking film was introduced to the world, Char-
From ABO to DNA

Dr PATRICK J LINCOLN Science Editor
In 1985 Dr Alec Jeffreys (now Professor Sir Alec) and his colleagues at the Department of Genetics at Leicester University and the John Editorials 3 lie Chaplin reportedly said 'moving pictures need sound as much as Beethoven's symphonies need lyrics'. A lack of awareness, because of the pace of change or imperfect perception, is a real danger. As the millennium comes upon us it is surely time for reflection but unlike many who look into the future the salvation of Medical Legal medicine, and in particular a proper academic base for the future advance, is clearly signposted in the past. One of the criticisms of Academic Forensic Pathology in the past has been the paucity of good research carried out by the pathologists involved. This was brought about by the continuous demand, particularly in London and the South East, for the attendance of a Home Office pathologist, not only at the scene of an incident, but also to perform an immediate autopsy, no matter what hour of the day or night, and no matter whether he/she was in the middle of a research project or not. Such pressure has been exacerbated in recent years by the trend of increasing acts of violence. The inexorable decline in the last two decades has been well documented, proclaimed and repeatedly ignored. Let us therefore look to the past and implement the repeated advice and warnings, safeguard the future and prevent the further erosion of Forensic Medicine; its slow demise is a singular threat to justice itself.
There is, however, a bright ray of hope on the horizon -even though it may be in the form of a neuropathologist -that previously male-dominated bastion of the Professor ofForensic Medicine and Pathology has now been stormed by a member of the fair sex in Sheffield. Surely there is hope.
Radcliffe Hospital in Oxford, published a paper in Nature describing the detection of regions of the DNA (the basic genetic material) which showed variation from one individual to another and the resultant patterns that they produced in their tests, they termed DNA 'fingerprints'. In their conclusions, the authors mentioned that this provided a powerful method for paternity testing and 'can be used in forensic applications' -a conclusion which must now be seen as one of the understatements of the century! These DNA fingerprints, produced on a photographic film at the end of a long test procedure, were likened to a supermarket barcode of black bands of various intensities. The idea of producing a DNA fingerprint which was perceived as uniquely identifying a person, together with the visual appeal ofthese barcodelike DNA fingerprints, caught the imagination of the media. DNA and DNA fingerprints became common vocabulary, even to the man in the street. However, whilst virtually everyone had soon heard of DNA and DNA fingerprinting, the understanding of what it really had to offer to those involved in problems of identification in a medico-legal context was far less universal.
Since the discovery ofthe ABO blood groups in 1901 the fact was appreciated that such genetically determined characteristics which are passed from parents to children and remain unchanged throughout the life of the individual, could be used in problems of identification. Over the first 70 years of this century and particularly in the 1950s, 60s and 70s, as more systems of what were generally known as blood groups were discovered, scientists involved in medico-legal work focused their research efforts on finding ways of reliably and successfully applying these to cases of doubtful parentage and to the identification of stains of blood and other body fluids.
The characteristics detected in these blood group systems are under the control of the genetic material (the DNA) and are the end products of a series of biochemical processes which produce substances detected in forms which can exhibit variation from one individual to another; one individual might have group A substances detectable in their blood whereas another individual might have group B substances. As the number of systems show-ing such variation in detectable characteristics that could be applied to problems ofidentification expanded, so their usefulness increased by the 1970s and 1980s. Consequently, most men wrongly named as the father of a child could be excluded from paternity and individuals could often be excluded as being the source of a bloodstain, if this was indeed the truth of the situation.
However, the ability to provide positive evidence from such testing was not usually very rewarding, although in paternity testing probability of paternity figures mostly would reach the 99% level and even on occasion reach 99.9% provided a sufficiently wide range of appropriate blood group systems were included in the investigation. The ability to achieve useful evidence when testing stain materials was rare, especially as far as body fluids other than blood were concerned. At best, it was far more likely that the results of blood group evidence would reduce the number of possible donors to levels of 1 in 10 to 1 in 100 individuals, exceptionally to 1 in a few hundred and only very rarely to 1 in a few thousand.
It had been realized for some time that the majority of differences in the structure of the DNA that occur between individuals do not control products which can be detected in the same way as blood groups. Therefore the work of Professor Sir Alec Jeffreys, which provided a way of looking directly at this extensive source of variation in the actual DNA rather than in the products under its control, offered those involved in problems of identification enormously exciting potential.
Over the years since Professor Jeffreys' paper in 1985, there have been continual and rapid changes and advances in the DNA testing performed and in the technology used to do this. During this period of time different areas of the total DNA which occurs in virtually every cell of the body, have been investigated. Nevertheless, in general terms, the variations in DNA structure that occur in different individuals and have been utilized, are nearly all variations which occur at certain points along the DNA threads because of the occurrence of different numbers of repeated identical DNA segments. This means that when these par-ticular sections of the DNA are investigated they can be seen to vary in length from one individual to another according to how many of the repeated identical segments occur. The greater the number of repeated segments, the longer will be the fragment of DNA. The comparison of the lengths of these fragments of DNA occurring in different individuals is the basis of virtually all the forms of DNA testing that has been used by forensic scientists over the last 10-15 years. These alternative sizes of fragments can occur at various points/sites along the threads of DNA, rather as different types can occur in each blood group system; for instance an individual could have type A or B in the ABO blood group system and type PGM 1+ or 2+ in the PGM system. The combination of different sizes of DNA fragments in an individual is referred to as the DNA profile of that person.The fact that many alternative sizes of fragment occur at each site along the threads of DNA and the fact that there are so many sites showing such variation, means that it is very unlikely that all the fragments detected in two unrelated individuals will match in size if a sufficient number of sites showing variation are investigated. Therefore such testing can certainly provide the ability to exclude virtually all men wrongly named as the father of a child and exclude virtually all individuals if they are not the donor of a particular stain. But more importantly, because of this highly increased variation that is detectable by directly investigating the actual DNA, the evidence that can be obtained towards positive identification is dramatically increased. Moreover, this is especially so when body fluids other than blood (e.g. semen) are investigated since these also are composed of cells containing DNA.
Whilst such positive evidence towards identity still has to be expressed in some form of mathematical assessment, based on how many individuals would be expected to have DNA fragments matching in size, we have now become accustomed to narrowing down the number of individuals expected to have matching DNA fragments, to 1 in millions. The actual figure is based on estimates produced from information compiled from testing unrelated individuals from the population. The figures can vary for a number of reasons, particularly depending on how many different sites on the DNA have been investigated (how many DNA test systems have been successfully used) .
Following these advances in the increase in the usefulness of the information obtained when the DNA is investigated, has been a technical revolution resulting in the use of computer based equipment. Now it is possible to use machines to extract the DNA from the samples to be investigated, to separate out the DNA fragments from a number of different sites along the thread of DNA at the same time, and to process the DNA fragments so that a computer printout is obtained from which the identity of the various fragments present in the sample material can be identified. The final opinion has to be made by the scientist: to interpret the results produced by the machinery in the form of the computer printout, and to reach an opinion as to which DNA fragments have been conclusively and reliably detected in the test samples.
Another technological advance that has occurred in the last few years has been the ability to incorporate a technique called peR which has the capacity to amplify millions of times any DNA which is of interest to the scientist and is present in the material under investigation. This process and the fact that it is particularly efficient when the DNA fragments are of very short length, means that not only can sufficient DNA be obtained from sample material which would have been insufficient for previously available DNA testing, but also it is often efficient even when the test material is old or degraded, such as when the material has been subjected to unfavourable conditions. This in itself has resulted in a situation where old cases in which genetic evidence related to identification could not be obtained, through lack of quantity or quality of sample material, can now be investigated with the potential of obtaining successful results.
The ability to investigate a sample for the variation that occurs at a number of sites on the DNA threads, to do this with machines with a high throughput, and changes in the UK Law allowing collection of buccal swabs as a non-invasive process not requiring consent from individuals suspected of an indictable offence, has led to another milestone in forensic genetics -the ability to build DNA databases for intelligence work. DNA profiles obtained from samples taken from individuals can be recorded as a database of information and can be searched to see if there is any individual among those on the database who, for instance, has a profile matching that obtained from the semen found on a rape victim or blood found at the scene of crime.
In addition, it is possible to compile databases composed of DNA profiles obtained from testing material taken from the scenes of crime and to use these to link crimes: showing, for instance, that semen detected from different rape victims could all have originated from the same man or that blood found at a number of burglaries could all have originated from one individual. Thus unresolved crimes can be linked.
The UK National DNA Database, started in 1995, is the property ofthe Association of Chief Police Officers, but is run by the Forensic Science Service. Others have followed throughout the world. Such databases mean that genetic evidence is available not only to assist the Court in determining the guilt or innocence of the defendant, but in addition, as an intelligence tool to assist in finding the suspect in the first place. Figures produced by the Forensic Science Service support their claims ofthe usefulness of these innovations. By March 1999 over 500,000 DNA profiles from suspects were being held in the database and in addition over 50,000 profiles were held on the database used for storing results obtained from samples taken from scenes of crime. As a measure ofthe success, by that time over 40,000 matches of suspects to a crime had been made and in addition there had been over 7,000 matches of DNA profiles from one crime scene to another crime scene.
Thus the story has been one of very rapid progress, not only in the increase of the power of the genetic evidence as a tool to identification that can be produced to the Courts, but also in the ability to help the police identify suspects.
Such advances in the power of genetic evidence has brought great focus on this area of forensic science and a number of aspects ofthe new technology of DNA profiling have had to withstand challenge from many quarters. Also it is not surprising that the existence of technology with such enormous potential has brought with it intense pressure for implementation of each new development as quickly as possible, and in addition, commercial interest, relatively unknown in this field, inevitably featured as an aspect ofthe progress. The forensic science community has worked hard since the innovation of DNA testing in 1985, not only to get to grips with the new technologies, but also to address the concerns relating to the quality of the results produced. Great effort has been made to ensure the continuing high standards which have become expected. For instance, the International Society for Forensic Haemogenetics has played its part, as has the DNA Commission of that society, specifically by reporting in scientific journals recommendations for DNA testing in forensic science and more recently by reporting recommendations for the nomenclature for some of the currently used systems.
In Europe, initiative by workers in the UK resulted in the setting up ofthe European DNA Profiling (EDNAP) group. Its original aim of harmonization involved investigation of the need for standardization of technology so results from different laboratories could be compared. Also, it has worked to investigate the robustness and reproducibility of new DNA test systems and emerging technologies. More recently there has been the setting up of ENFSI (the European Network of Forensic Science Institutes) which has a DNA Working Group, the specific aims of which are concerned with education, implementation and key operational processes in casework applications of DNA.
From such initiatives, throughout the world groups have been set up to address issues relating to the reliable application of DNA technology in forensic science, and to enable quality assurance exercises to be undertaken either at national or international levels. Such collaborations have helped not only to ensure quality and enable comparability, but also to assist laboratories on a learning curve by the exchange of ideas, information and experiences. Not least it is noted that in the UK the Government endorsed, in 1998, the setting up of the Council for the Registration of Forensic Practitioners and indeed one of the working parties of this body, that on blood and body fluids, is concerned mainly with experts applying DNA in the forensic field. The aim of the Council is to establish a register of forensic
A Profession in Flux
HIS HONOUR JUDGE TIMOTHY LAWRENCE Legal Editor
A 'nutshell' review at the Millennium of those aspects of the law concerned with forensic work reveal a legal profession in England and Wales in great flux. I emphasize 'forensic' not only because it is the cement that binds the disciplines of this Academy and Journal but also to indicate that the word means, not 'scientific' as some advocates regularly suggest, but 'pertaining to Courts' (Latin: 'forens', a tribunal). The law itself is necessarily continually changing to reflect the concerns of Parliament and needs of society -'The moving finger writes and, having writ, moves on ... '. It is the legal professions, after a century and a half or more of gentle slumber, that are in flux.
The advent and growth from 1948 of Legal Aid led to a marked expansion in work for the Bar. The profession, described by F. E. Smith as being 'of 1500 with work for 1000 which is done by 500' has become, at the end of this century, a profession of almost 10,000 and of very mixed abilities. Similarly, the solicitors' profession has expanded substantially and proportionately but has effectively divided into two. Those whose professional expertise is devoted to company, commercial and fiscal matters earn very substantial rewards and are moving towards international and multi-disci-Editorials 7 practitioners and create a Registration Council which would lay down and implement consistent high standards of competence, practice and integrity to create, maintain and promote public confidence in the use offorensic science.
There seems little doubt that the introduction of DNA profiling into the world offorensic science over the last 15 years has been the most dramatic occurrence in the medico-legal field in the 20th Century. plinary practices. Those who operate 'High Street' and advocacy practices have very much more modest incomes often largely deriving from the public purse. It is not surprising that many solicitors practising advocacy have resented (as have some of their clients) the Bar's fiercely guarded professional monopoly of the higher courts. Now the taxpayer, increasingly called upon to support advocacy services, has called 'time' and what came to be known in the 1980s as 'Bar Wars' are all but over.
The last Lord Chancellor, our Patron, Lord Mackay of Clashfern well saw the need for reform and, with some courage, set the wheels turning. His successor as Lord Chancellor, Lord Irvine of Lairg, has speeded the revolutions of those wheels. Full and equal rights of audience for both branches of the legal profession are now in sight and already in London solicitors have established 'advocacy chambers' accepting work solely by referral from other solicitors, whilst the major commercial firms have opened advocacy offices to service their civil litigation adjoining the High Courts in the Strand. The intention clearly exists to extend the rights of audience of salaried lawyers in the Crown Prosecution Service (CPS) to conduct jury trials and a new Criminal Defence
